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SUMMARY 

Measurements were made in sideslipping flight at a Mach, number of 
0.50 of the pressure distribution over the horizontal tail surfaces of a 
tractor-propeller-driven pursuit airplane, to determine the effects of an- 
gle of sideslip and propeller operation on the tail—load distribution. 
Measurements were also made of the tail—load distribution on the horizon- 
tal tail in steady unaccelerated flight over a Mach number range of 0,30 
to 0.79 and 0.30 to O^Jk,  respectively, 'for the power—on and power^-off 
conditions. 

It is shown that the asymmetric tail loading results from a large 
decrease in load on the "blanketed tail and a small increase of load on 
idle leading tail. Although, in general, the application of power at a 
speed of 290 miles per hour results in an increase in the positive asym- 
metric loading over the sideslip-angle range, the effect is relatively 
small as compared with that of Bideslip angle. The asymmetric loads and 
torsional moments at low speeds and zero angle of sideslip are small and 
unimportant even with power on. At high speeds in sideslipping flight, 
the total fuselage torsion may "become critical since the torsional moment 
due to asymmetric tail leading is in the same direction as that resulting 
from vertical-'fcail loads. Critical tending moments may occur in left 
sideslip on the left tail at moderate speeds and at the limit load 
factor if the computed up—load does not inolude the increments in up- 
load due to "both propeller operation and angle of sideslip. ,The greater 
negative total tail loads associated with an increase in sideslip angle 
may result in critical "balancing down—loads at high speeds "because of 
the initially high down—loads required to "balance the airplane at ^ero 
sideslip. 

Comparison of the results with limit values computed on the "basis 
of current Army specifications indicated that the calculated values of 
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asymmetric tall load and the resultant- fuselage torsional moment are con- 
servative as compared with, the experimental results for critical flight 
conditions. The calculated root bending moment, however, may "be uncon— 
servative by as much as 25 percent as compared with the actual value 
for critical flight conditions, 

INTRODUCTION 

Numerous structural failures of the tail surfaces of high-speed 
military aircraft have occurred within recent years indicating a possi- 
ble need for. modifying the existing design specifications. In order to 
determine in what respects existing requirements were inadequate and to 
provide data as a basis for any revisions or modifications deemed neces- 
sary, an- extensive tall—load investigation was conducted on a typical 
tractor-propeller-driven pursuit airplane, in flight. Pressure distri- 
bution measurements were made on the horizontal tail in steady unacceler— 
ated flight (Az = 1.0), steady accelerated flight, steady sideslips, 
and abrupt maneuvers. Eesulte of the tests made in steady unaccelerated 
and steady accelerated flight are reported in reference 1, This report, 
the second of a series, presents the results obtained in steady sideslips, 
(as measured in gradual dive pull-outs), and shows the ohanges in horizon- 
tal—tail loading that occur as a result of-propeller operation and angle 
of sideslip. The asymmetric load, the root bending moment, and the 
torsional moment, computed by the methods specified in the current- Army 
design requirements, are compared with the experimental values at critical 
conditions. 

SYMBOLS 

The following symbols are used in this report: 

M    free—stream Mach number 

V^   correct indicated airspeed 

f 1703 (  + 1 \ — 1  I , miles per hour 

H    free-stream total pressure 

p    free-stream static pressure 

p0   standard atmospheric pressure at sea level 
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h.p   pressure altitude, feet 
•W Aj 

*"w. 

W   average airplane weight during test run, pounds 

CL   airplane lift coefficient (  ^~Q~ ) 

Az   the ratio of the net aerodynamic force along the airplane Z-axis 
(positive -when directed upward) to the weight of the airplane 

q.   free-stream dynamic pressure, pounds per square foot 

S    horizontal—surface area, square feet 

"b-fc   horizontal-tail span, feet 

Kfc   total air load on horizontal tail (Ntr + HtH, positive when 

load is acting upward), pounds 

N.J..  asymmetric tail load (HL — If-u ), pounds 

Mj   torsional moment on fuselage due to horizontal-tail loading 
(positive when moment is clockwise as Been from rear), 
pound-feet 

Mp   root "bending moment (positive when moment is clockwise as 
seen from rear), foot—pounds 

Cjflm  torsional-moment coefficient f g , • J 

/ Nt\       -"    
Cjf-t  tail normal —force coefficient I  -r— J 

• Mr \ 
CMp  root "bending-mcment coefficient ( • g , J 

Cn section normal-force coefficient • 

c local tail chord, feet 

Pu pressure on upper surface, pounds per square foot 

P} pressure on lower surface, pounds per square foot 

Pjjgcj resultant pressure coefficient f —- u J 
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Q 

T 

D 

AC• 

AC Mp 

AQo 

propeller torque,  pound-feet 

propellers-torque coefficient   ( ——•) 

propeller thrust, pounds 

propeller—thrust coefficient (  •= } 
V2qD:V 

propeller diameter,  feet 

JEU 
°A 

'S4 

(power on) (power, off) 
JCL 

(power on) (power off) 

(power on) (power off) 

CL 

'JCL 

oe    elevator angle (positive when trailing edge is down), degrees 
frcm thrust axis 

ß sideslip angle (positive when rightr-wing Is forward), degrees 

Subscripts 

w wing 

t horizontal tail 

L left 

E right    -...       . . _ 

A asymmetric 

DESCRIPTION OF AIRPLANE 

The tost airplane is a single-engine, interceptor—pursuit, low-wing 
monoplane driven "by a tractor propeller and equipped with a retractable 
tricycle landing gear. Figures 1 and 2 are photographs of the airplane 
as instrumented for the flight tests; figure 3 is a three-view drawing 
of the airplane. Pertinent specifications of the horizontal tail sur- 
faces are as follows: 
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Span, ft * 13.0 
Area, sq ft fcO.99 
Airfoil section . . , * . . . . NACA approx. 0010 to OOO6 

(fig. k  of reference l) 
Stabilizer setting (relative to airplane thrust axis), deg. . . , .2.25 
Elevator area (including k.3  sq. ft overhang balance), sq. ft . . , 16.89 

Nominal deflection 35° up, 15 dovn 
Dihedral angle, deg •  . 0 

Further detail specifications of the test airplane may "be obtained from 
reference 1. 

INSTRUMENTATION AND PRECISION 

A 60-cell pressure recorder located in the rear section of the fuse- 
lage between the oil tank and the baggage compartment was used to measure 
the resultant pressures over the horizontal tail at the locations given 
in table I and shown in figure k.    The precision with which the pertinent 
quantities were believed to be measured in the tests Is indicated in the 
following-table: • " 

Item Estimated precision 

Normal accoleration ±0.Q5g 

Elevator angle "±0.50° 

Sideslip angle ±1.0° 

Airspeed (to 200 mph) ±2& percent 

(above 200 mph) ±1-^- percent 

Altitude ,  ±300 fest 

Tail load (low speeds, 
unaccelerated flight) ±50 pounds 

(high speeds, acceler- 
ated flight) ±100 pounds 
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The pressure—lag characteristics of typical horizontal tail linos ware in- 
vestigated, and it was found that the lag was negligible, for the rates of 
pressure change -encountered in this investigation. Other instrumentation 
of the test airplane and the precision of the measurements vere the same 
as given in reference 1. 

FLIGHT PBOGEAM 

With normal rated power (39 in. Hg and 2600 rpm) at a pressure 
altitude of 15,000 feet and at an indicated airspeed of 290 miles per 
hour, runs were made at sideslip angles of approximately 0°, 5° left, 
10° left, 5° right, and 10° right. All these, tests were performed by 
pulling out gradually from a shallow dive while attempting to-maintain 
the sideslip angle requested. Tests were repeated, power off, with 
the engine fully throttled and the propeller in high pitch. 

Tests, which were made for obtaining data given in reference 1, 
were also used for. the present report. The teste used were those run 
in steady unaccelerated flight with wings level, power on, full throttle 
end 3000 rpm at a pressure altitude of 15,000 feet and at indicated air- 
speeds ranging from 170 to about k60 miles per hour. Tests were repeated, 
power off, with the indicated airspeed varying from 170 to about ^30 miles 
per hour. 

Curves taken from reference•2 showing the variation of "brake horse- 
power (as determined "by reference to^ergine power, charts) with pressure 
altitude, and the variation of propeller—"blade angle and engine speed 
with true airspeed are shown in figure 5 for the engine power settings 
used for these tests. 

All tests were made with the center of gravity located at 30.3 per- 
cent of the mean aerodynamic chord. 

RESULTS AND DISCUSSION 

Reduction of Data 

Although the results presented in this report were obtained in gradu- 
al dive pull-outs, they are treated as though obtained in steady sideslips. 
This is felt to be Justified since the positive pitching accelerations dur- 
ing the pull—outs were small, and no consistent relationship was found be- 
tween the scatter in the data arid the magnitude of-4;he negative pitching 
accelerations obtained during recovery from the pull—outs. 
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In. the analysis of the data referred to In reference 1 and In the 
subsequent discussion and analysis in this report, the term "steady un— 
accelerated flight" denotes steady flight at a normal acceleration of lg. 
It is "believed that this use is Justified even at diving speeds "because 
the magnitude of pitching velocity necessary to result in a normal accelr 
eration of lg -was negligible. 

Chordwise and spamri.se loading,— The resultant pressure coefficients 
for each orifice station were plotted against tail chord for selected 
time points during each test run to obtain the chordwise distribution of 
the tail load. Mechanical integration of the chordvise loading gave the 
variation of load cnc across the tail span. . Some typical chordvise and 

spanwise distributions are shown in figures 6 and 7« These figures pre- 
sent the power-on and power—off pressure distributions, respectively, at 
maximum left, zero, and maximum right sideslip angles for lift coefficients 
of approximately 0.20 and 0.80. The effects of sideslip angle and power 
may "be readily seen by comparing corresponding distributions in figures 
6 and 7. 

Time histories of pertinent variables.— The normal—force coeffi- 
cients and root bending-moment coefficients for each side of the tail 
were determined by integrating the spanwise distributions of cnc. 

Selected time histories of these coefficients and the derived asymmetric- 
load and tor8ional-moment coefficients are presented in figures 8 and 9. 
Also included in these figures are time histories of other pertinent 
quantities such as elevator angle, sideslip angle, lift coefficient, 
acceleration factor, and indicated airspeed. Figure 8 shows the power- 
on data for. runs in which sideslip angles of 12,3°, *-£,2 , and -6.k 
were attained at the time that the maximum normal acceleration was reached. 
The power-off data are presented in figure 9 for sideslip angles of 10.5 , 
0.7°, and -12.0°. From figures 8 and 9, and similar figures not included 
in this report, most of the subsequent figures were derived. 

Effect of Sideslip and Power on Tail Loads 

Left— and right—tail loads.— At time points corresponding to lift 
coefficients of 0T20, 0.40, 0.60, and 0.80 the values of left- and right- 
tail normal-force coefficients were determined for each test run and plotr- 
ted against the corresponding values of sideslip angle.  (See fig. 10.) 
There is considerable Bcatter of data presented in figure 10 and in a sub- 
sequent figure Similarly derived (fig. 18), especially for the power-off 
data at the higher lift coefficients. This probably results from the fact 
that since some of the pull—outs were not made as gradually as others 
(figs, 8 and 9), the accuracy with which the times were coordinated for 
the different instrument records varied from run to run. 
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It is clearly, seen' in-figure 10 .that th» leading tail experiences 
relatively small changes, in normal-force • coefficient, as the sideslip, 
angle is increased, while considerable decreases of load .on the blanke ted 
tail are noted. Since' the-ae .unsymmetrical changes of normal-force coeffi- 
cient are similar for .both. the-power-on -and power-off conditions, it ap- 
pears that changes in air flow over the horizontal, tail due to the yawed ' 
fuselage and vertical tail are the principal factors effecting these 
changes of load with sideslip-, •• An; analysis of the leading-edge pressures 
for the power-on and.power-off..cf-cnditirns showed the existence of a strong 
localized-downwash field extending. oTer about 2 feet of span. At zero 
sideslip angle this field -was- .'centered .approximately at the fuselage center 
line and, as the sideslip-angle;-yas increased in either direction, moved 
progressively outboard.on the. trailing tail. The location appeared to be 
independent of both power and.lift coefficient at the test speed, since 
with increasing sideslip'angle the downwash field moved outboard of. th« 
fuselage center .line approximately the same amount for all the"test-con- 
ditions.' Unfortunately, the data were insufficient to-permit quantitative 
application of these results. ' A cross plot-of the values-lii figure 10- •• 
was made so that the power—on and power—off results could be more'readily 
compared, figure 11, which resulted, shows the variation of lef-t^and 
right-tail normal-force coefficients with lift coefficient at soTeral an- 
gles of sideslip. . Although, the power effects are not large because of 
the low values of thrust coefficient and torque coefficient (about 0.0l6 
and 0,008, respectively, a-t an indicated speed of 290 mph); the application 
of power resulted,;in general, in higher positive load coefficients on the 
left tail and.lower''positiv»'values on the right-tail over-the sideslip- 
angle range tested'.';-' .-••.;.:•'>••  •' .. ' . ... ;.-   ..;.. • . ^  

Total tail loads.- The variation with sideslip ;.angle, of: the- total 
tail normal-force coefficisnt presented in figure 12 was obtained by . 
combining-the left' and' right normal-^forca coefficients shown in..figure 
10. The decrease in the'-value of' CJJJV indicates an increase in the 

nose-down pitching'moment of the airplane without tail'äe the sideslip 
angle was increased in either direction. 

The data in. figure 14(a) of reference 1 showed a trend toward critical 
balancing down—loads on the tail at high Mach numbers, and the data of this 
report (fig. 12) indicate that increasing down-leads for balance were re- 
quired as the sideslip angle was increased. Therefore, the 'variation- of 
total tail load with sideslip angle a-t several values of-lift coefficient 
for steady unaccelerat'ed flight (Az = 1.0) 'was- determined by combining 

• these data,. The'validity'of the curves is based on the assumption-that 
the slope of the curve, of pitching-moment coefficient versus- sideslip 
angle for the test airplane with tail off dee's not change'-with Mach-number. 
The three .curves in figure 13' are given for the highest power—on 'and power- 
off test speeds in.reference 1 (V^' « 46$ mph; CL *• =0,069; Vi'*.428 nrph; 

CL » 0.080, respectively) 'and for the' test speed, at-wnich sideslip data 



HACA TN No. 1202 ? 

were obtained (Vi = 290 mph; CL = 0.171). The data for the highest  
speed (M = 0.79; CL = O.O69) in figure 13 indicate that about 850 
pounds greater down-load ie required for "balance at either 10° left or 
right sideslip than at zero sideslip. - 

Asymmetric loads.— The faired curves presented in figure 10 were 
combined in figure 1^4- to give, the variation of asymmetric—load coeffi- 
cient with sideslip angle at two values of lift coefficient. As expected, 
at zero angle of sideslip, the ppwer^-on asymmetric—load coefficients were 
more positive than the power-off coefficients. The difference between 
power—on and power—off coefficients, however, tended to decrease with 
increasing sideslip, particularly at large angles of right sideslip. 
Figure lk  also shows that the highest asymmetric—lead coefficients were 
obtained at the lower values of lift coefficient, more so in right than 
in left sideslip. 

The variation of asymmetric—lead coefficient with lift coefficient 
in steady unaccelerated flight (fig. 15 )> and the variation with indicated 
airspeed of asymmetric load (fig, l6) were derived from the data compiled 
in reference 1. These figures show that there was a decrease in asym- 
metric load with speed corresponding to a decrease in power effects 
(slipstream rotation) up to an indicated airspeed of about 330 miles per 
hour (C^ = 0.10). At higher speeds the asymmetric loads increased rap- 
idly indicating that other factors besides power were affecting the tail- 
load asymmetry. 

The variation of asymmetric loads with sideslip angle for several 
values of lift coefficient in steady unaccelerated flight, as shown in 
figure 17, was determined frcm the power-on data in figures 1^ and 15. 
The use of curve for CL = 0.20 in figure 14 at higher speeds is based 

on the assumptions that, (l) Mach number effects on the slope of the 
CNtA versus ß curve were negligible and (2) CL and power had no 

appreciable effect on the slope of the Cu.  versus ß curve at level 
"^A 

flight speeds higher than that corresponding to Cr = 0.20. The data of 

reference 3 showed the latter assumption was Justified, In figure 17 it 
is shown that the TrairlTnum asymmetric load will occur at high speeds and 
in left sideslip. The asymmetric loads at low speeds (C^ - O.171 and 
higher) are relatively small and unimportant. 

_ Effect of Sideslip and Power on Tail Moments 

Tail root bending moments.— The variation of the left— and rightr-tail 
root bending-mement coefficients with sideslip angle was determined for 
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several values of lift coefficient and is presented in figure 18, Corre- 
sponding to similar variations in normal—foroe coefficient, the data 
show that as the sideslip angle was increased marked changes in tail load- 
ing occurred only for the "blanketed side of the tail, while the leading 
tail experienced only a slight increase in root tending moment. The 
right—tail root "bending moments, however, started to decrease at angles 
of right sideslip above about 5°> particularly for the power—off con- 
dition. 

A cross plot of figure 18 showing the variation of leftr- and right- 
tail root "bending-mament coefficients with lift coefficient for several 
angles of sideslip is presented as figure 19. In general, the effect 
of power was to increase the;left—tail moments and decrease the right- 
tail moments except in the case of the "blanketod tail at high sideslip 
angles where the power effects disappeared or reversed. 

Faired curves in figure 20, which show the variation of lateral 
center of pressure on the horizontal tail with side-slip angle, were 
obtained "by combining the curves of figures 10 and 18 for a lift coeffi- 
cient of 0.80. For positive loads on the tail there was a tendency for 
the center of pressure to move outboard as the lift-^coeff icient was de- 
creased; nevertheless, this was not considered a critical trend toward 
maximum "bending moments, sine© the tail loads would not "be a maximum 
for the same conditions for which the center-of-pressure distance was a 
maximum. Figure 20 shows that as the sideslip angle was increased, the 
center of pressure moved inboard on the blanketed tall while it remained 
practically constant on the leading tail. Therefore, at high angles of 
sideslip, greater bending moments than those predicted assuming symmetr- 
rlcal loading may be experienced by the leading tail due to the increased 
loads. 

Fuselage torsions! moments,— Th© variation of fuselage torsional— 
moment coefficient with sideslip angle for two values of lift coeffi- 
cient (fig. 21) was obtained by combining the values of left- and right^ 
tail root bending-mement coefficients in figure 18. It is shown that 
the effect of power was to inorease th« positive* torsional moment at all 
except the highest angles of right sideslip. It is apparent that chang- 
ing CL in the constant-speed accelerated flight had no appreciable 
effect on the fuselage .torsional memento  

The torsional-moment coefficients for several values of lift coeffi- 
cient in steady unaccelerated flight in figure 22 and the variation of 
torsional moment with indicated speed in steady unaccelerated flight in 
figure 23 were derived from the data of reference 1. As previously 
noted fcr the asymmetric loads, power-effects, which resulted in posi- 
tive torsional moments, diminished with increasing speed up to a speed 
of about 380 miles per hour (CL =. 0.10). Above 380 miles per hour, 

the torsional moments became more positive with increasing speed more so 
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with power on than with power off. Figur© 2h  shows that th« torsional 
moment and asymmetric-load coefficients were proportional mainly to 
power (slipstream rotation) up to speeds corresponding to a AQc of 
about 0.010. At higher speeds, power resulted in only secondary effects 
on Cjij, and Cjft .   

Frcm the power-on data given in figures 21 and 22, the variation of 
torsional moment with sideslip angle for several values of lift coeffi- 
cient in steady unaccelerated flight was obtained. Although the slopes 
of the curves in figure 21 are for a Tc of about 0,0l6, their use at 
higher speeds (and lower TG

Ts) does not entail appreciable error "be- 
cause of the relatively small changes in Tc and Qc at speeds higher 
than 290 miles per hour. The results presented in figure 25 show that 
the maximum fuselage torsional moment will occur during a high—speed 
pull—out when appreciable Bideslip may be inadvertently developed. The 
torsional moments at indicated speeds of 290 miles per hour or lower 
(CL - O.171) are relatively small and unimportant. 

Comparison of the Calculated Loading with Experimental Eesults 

Current Army design specifications require that, "the horizontal 
tail surfaces, attachment fittings, and carry-through structure shall he 
designed for an unsymmetrical lead condition where the load on one side 
is the maximum load for that side obtained from any condition while the 
load on the other side is the lead frcm the foregoing condition multiplied 

f          * \ "by the factor ( 1 ) where n is the limit maneuvering load factor 
v       i.zy '      

for which the airplane is designed." The condition for which maximum 
leads would be experienced was determined frcm reference k  whnre it was 
shown that the maximum maneuvering load (an up—load) would be encountered 
at sea level and at a speed corresponding to the uppor left—hand corner 
of the V-g diagram (about 290 miles per hour for the test airplane) and 
with the center of gravity located at the stick-fixed neutral point. 
For this report, however, the maximum maneuvering tail load was calculated 
for an altitude of 15,000 feet and for the test center—of-gravity position 
of 30.3 percent of the mean aerodynamic chord. This was done to provide 
a consistent basis for comparison with the experimental results. Frcm 
reference h  it was found that these deviations from the specifications 
result in less than a 10-percent decrease in the maximum computed maneu- 
vering tail load. Assuming an elevator motion (fig. 26), the maximum 
tail—load increment frcm zero load factor was determined by the method 
of reference 5. An increment of tail lead of 5120 pounds wa6 obtained 
corresponding to a change in load (acceleration) factor of 7-25. Since 
the calculated balancing tail lead at 290'miles per hour is. —362 pounds 
(reference 1), the limit tail lead for the condition investigated is 
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4758 pounds, and the limit asymmetric tail .load is 2379 pounds ( —g)' 

The limit root "bending moment of 68^0 foot-pounds" and torsional moment 
of 6840 pound—feet were obtained "by multiplying one-half the maximum 
load "by the calculated lateral distance to the center of pressure of 
2.875 feet. 

The limit valueB of asymmetric load, root "bending moment, and fuse- 
lage torsional moment are compared with experimental values for several 
conditions in table II. These conditions were chosen to "bracket the 
maximum possible asymmetric loading obtainable in flight for the test 
airplane. The procedure used to,evaluate the experimental values of 
asymmetric load, root bending moment and' fuselage torsional moment for 
comparison with the limit values is outlined In the appendix. It should 
be noted again that the validity of the values of asymmetric load and 
torsional moment speeds higher than 290 miles per hour depends on the 
assumption that there is no change in slope of the CJJ.  versus ß and 

CMj versus ß curves with Mach number. 

Although the table shows' that the limit asymmetric load and fuselage 
torsional moment are conservative as compared with the maximum experi- 
mental values, the design root bending moment underestimates the actual 
value on the left tail by almost 25 percent as the calculated center of 
pressure is inboard of the actual value, and the limit load is less than 
the experimental load on the left tail. 

CONCLUSIONS 

Frcm an analysis of the horizontal tail loading obtained in several 
conditions of flight on a tractor-propeller-driven pursuit airplane and 
from a comparison of the experimental results with limit values computed 
on the basis of current Army specifications, several conclusions may be 
drawn. Although based on results obtained on a specific test airplane, 
these conclusions which follow are believed to be qualitatively appli- 
cable' to, airplanes of the same general configuration as the test airplane. 

1. The changes in horizontal tall loading due to sideslip arise 
from a. large decrease in load and bending moment on the blanketed tail 
and a small increase of lead and bending moment on the leading tail. 
These changes are relatively independent of power and lift coefficient 
at speeds of about 290 miles per hour. 

2. The asymmetric loads and torsional moments at low speeds and 
zero angle of sideslip are' unimportant even with power on. 
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3. For large angles of sideslip at high, speeds, the total fueeltgo 
torsion may become critical since the torsional moment due to asymmetric 
tail lbads is in tht» same direction as that resulting fr<5aa vortical—tail 
loads« 

h.    Critical "bending moments may occur on the left tail in left 
sideslip at moderate speeds and at the limit load factor (upper left—hand 
corner of the T-g diagram)-if the limit up—load on the left tail does not 
include the increments in load due to "both the asymmetric lead existing 
at zero sideslip and that due to an increase in sideslip angle.  (For 
the test airplane, the lateral center of pressure remained practical,]^- 

constant on the leading tail and moved inboard on the trailing tail with 
an increase in sideslip angle.) 

5- Critical "balancing down—loads on the tail may occur at high 
speeds in sideslipping unaccelerated flight "because the increments of 
negativo total tail load with sideslip angle add to the initially high 
down—loads required to "balance the airplane at zero sideslip. 

6. The calculated values of asymmetric tail load and fuselage 
torsional moment due to asymmetric tail loading are conservative as com- 
pared with the experimental values for critical flight conditions. 

7. The calculated root "bending moment may "be unconservative "by as 
much as 25 percent as compared with the actual valuo for critical flight 
conditions. 

Ames Aeronautioal Laboratory, 
National Advisory Committee for Aeronautics, 

Moffett Field, Calif., October 13h6. 

APPENDIX 

Evaluation of Flight Loads for "Various Conditions 

Asymmetric loads.— The asymmetric loads in steady unaccelerated 
flight for values of CL of 0.171 and Q.C6£ were taken directly from 

figure 17 of this report. In order to determine the asymmetric load for 
QL = 1.25 (Vi <= 29O mph) and ß = -10° in accelerated flight (Az = 7.33), 
it was necessary to use the CH^ versus 3 ' curve for a CL of 0.80 in 

figure 1^ since no data were obtained at much higher values of CL. The. 
use of this curve was Justified as the arailable data showed relatively 
small changes of CN"t  with CL. The difference in Nt& 0:f 3^,3 pounds 

corresponding to a difference in Cjf^.  of 0.1+0 between 0° and -10° side- 

slip was added to the ^symmetric load at zero sideslip (435 lb from fig. 
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29 of reference l) resulting in an asymmetric lead of.778 pounds for the 
condition considered. In an analogous manner, the asymmetric loads for 
CL = 0.51 (Vi = 463 mph) at ß <= -5° and -10° were obtained by adding 
the difference in N-fc^ corresponding to a difference in Cj^   between 

0° and -5°, and 0° and -10°, respectively, for an interpolated CL of 
0.51 in figure I**- to the asymmetric load at zero sideslip obtained from 
figure 29 of reference 1. There is obtained 

Ut = 5^5 + BkO  = 1385 pounds 
A/CL = 0.51 \ 

V ß = -5° J 
and 

HL = 1075 + 8i»-0 » 1915 pounds 
A, CL = 0.51 \ 

i = -io°y 

Root bending moment.— The root bending moment in steady unacceler— 
ated flight at 290 miles per hour and —10° sideslip was determined frcm 
the value of Cj*   given in the power—on curve for CL =• 0.2 in figure 

l8. The first step in obtaining the bending moment for CL = 1.25 
(Vi = 290 mphj Az = 7.33) and ß • -10° was to determine the left-tail— 
load corresponding to these conditions.  (The left tail is used since 
it experiences the higher load in left sideslip.) The calculated load 
of 4758 pounds was assumed for the experimental total tail load at zero 
sideslip, since experimental data for similar conditions were not avail- 
able. The asymmetric load of 435 pounds obtained from figure 29 of 
reference 1 was apportioned symmetrically over each side of the tail; 
that is, the left—tail load was increased by 218 pounds and the righfr- 
tail load reduced by a like amount. Applying this dissymmetry to the 

4758 pounds, there is obtained a load of —— + 218 = 2597 pounds on 

the left tail at--zero sideslip. From the power—on Cu+  versus ß 
Li 

curve for CL = 0.80 (assuming, as before, unimportant changes frcm 
CL -  0.80 to CL = 1.25) in figure 10, an increase In Cft.  of 0,013 

from 0° to —10° sideslip was obtained corresponding to an Increase in 
left-tail load of 111 .pounds. Therefore, the left-tail load for the 
condition investigated, is 2597 + HI = 2708 pounds. .Multiplying, this 
value by the lateral center of pressure at ß = -10ö (3.24 ft from fig. 
20) gives a root bending moment of 877O foot-pounds. 



WACA TN No. 1202 15 

Torsional moments.— The torsional moments In steady unaccelerated 
flight for values of CL of 0.171 and O.C69 were obtained directly 

frcm figure 25. In a manner similar to that used for determining the 
asymmetric loads, the fuselage torsional moments for C^ = 1.25 (V^ = 

290 mph; Az =.7.33) were derived frcm figure 21 of this report and fig- 
ure 30 of reference 1. 
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TABLE I.-  OHDINATES AT PRESSURE ORIFICES 017 
HORIZONTAL 1AIL OP THE TEST AIRPLANE 
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SABLE II.- OOMPAHISOH OF LIMIT VALUES 0? ASYMMETRIC LOAD, ROOT BBMDISG MOMENT 
AND FUSELAGE T0R3I0HAL MOMENT WITH EXPERIMENTAL VALUES* 
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Figure 1.- Three-quarter rear view of test airplane. 
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Figure 2.- Top view of test airplane as instrumented for 
flight tests. 
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